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a b s t r a c t

Boranes substituted with a CF3-group can be generated from methyl boronic esters RB(OMe)2 and
Me3SiCF3/KF followed by treatment with Me3SiCl. These boranes are stable only in coordinating solvents,
and due to the increased Lewis acidity of boron, react rapidly with a-diazocarbonyl compounds to give
the products of transfer of the organic group from boron. Alkyl, aryl, vinyl, and alkynyl boronic esters
can be used in this reaction.

� 2011 Elsevier Ltd. All rights reserved.
The reaction of organoboranes with diazo compounds consti-
tutes an attractive process for C–C bond formation. Though discov-
ered more than forty years ago,1 only in recent times has this
transformation begun evolving into an efficient synthetic method.2,3

The reaction mechanism involves the equilibration of a borane
with a diazo group to generate zwitterionic intermediate A which
undergoes migration of a substituent from boron accompanied by
the elimination of nitrogen (Scheme 1). The a-boryl carbonyl com-
pound then readily tautomerizes to a boron enol ether, and the lat-
ter is hydrolyzed on work-up to give the product.

The efficiency of this reaction depends strongly on the ease of
formation of species A, and therefore, the Lewis acidity of boron
is an important factor. Thus, the reaction works well with trialkyl
boranes,1 but only one group is used. The use of aryl-BBN has re-
cently been reported for the transfer of an aryl group, but for some
diazo compounds migration of a borabicyclononane ring was ob-
served.3 On the other hand, conventional boronic acids and their
esters, in which two oxygen atoms decrease the boron Lewis acid-
ity, typically do not couple with diazoesters. However, recently, an
example involving the reaction of excess 4-methoxyphenylboronic
acid at 110 �C with ethyl diazoacetate was described.2a In another
report, more reactive boroxines taken in stoichiometric amount
(3 equiv of organic group) were employed at elevated tempera-
tures (60–100 �C). Furthermore, the latter process was applied only
for aryl and vinyl boroxines.2b In earlier publications, aryl- and
alkyldichloroboranes were exploited at low temperatures, but
ll rights reserved.
competing transfer of chlorine with the formation of chloroketones
was observed.4

It is well known that the Lewis acidity of boron can be increased
dramatically by the introduction of perfluorinated substituents,
and pentafluorophenyl boranes have been employed extensively
as Lewis acids.5 We reasoned that a perfluoroalkyl group would
exert an even stronger electron-depleting effect.6 Herein we report
on the generation of the CF3-substituted boranes7 and their subse-
quent reactions with a-diazocarbonyl compounds.

In order to introduce the trifluoromethyl group, methyl boronic
ester 1a was treated with Me3SiCF3 and potassium fluoride in 1,2-
dimethoxyethane (DME) at room temperature8,9 (Eq. 1). The corre-
sponding borate 2a was isolated and its structure verified by NMR
spectroscopy and X-ray analysis (Fig. 1).10 This salt was an air
-stable solid, which was stored in a tightly closed flask at room
temperature for several months without any noticeable changes,
and it could be safely handled in air.
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When borate 2a was treated with chlorotrimethylsilane in
donating solvents such as acetonitrile, DME or THF, complex 3a
was formed, which could be identified in solution by 1H, 13C, 19F,
and 11B NMR spectroscopy (Eq. 2). However, concentration of the
solution under vacuum, which was expected to cause decomplex-
ation of the solvent molecule, led to decomposition. A similar
intractable mixture was observed on treatment of salt 2a with Me3-

SiCl in non-coordinating CDCl3. Decomposition of the three-coordi-
Figure 1. X-ray structure of salt 2a (thermal ellipsoids at 50% probability, ORTEP
drawing). The potassium cation is omitted for clarity.

Table 1
Reaction of borate 2a with EDA
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Entry Solvent Temp. Additive Yield of 5a (%)

1 MeCN rt — a

2 DME �25 �C?rt — a

3 DME �60?�10 �C — a

4 DME �20 �C?rt — a

5 Et2O �20 �C?rt — a

6 THF �20 �C?rt MeOH 82b

7 DME �20 �C?rt MeOH 93c

a Complex mixture.
b NMR yield.
c Isolated yield.

N2

R1 B
Y

Y
+ O

R2

N2
O

R2
BY
R1

Y O

R2
R1

BY2

OBY2

R2
R1 H O

R2
R1

A

Scheme 1.
nate borane may be associated with the facile generation of
difluorocarbene.11

The solution of 3a in donating solvents was treated with ethyl
diazoacetate (EDA, 1.1 equiv) under various conditions (Table 1).
The evolution of nitrogen gas was typically observed at tempera-
tures between �20 and 0 �C, and the mixture was kept for an addi-
tional one hour at room temperature. Though the starting
compounds were consumed, only complex mixtures were formed
after aqueous work-up (entries 1–5). We surmised that the initially
formed boron ketene acetal 4 containing both an electron-rich
double bond and a Lewis acidic boron center could readily decom-
pose. It was rewarding to find that simple addition of a stoichiom-
etric amount of methanol (1.1 equiv) prior to the diazo ester
afforded ethyl phenylacetate (5a) as the sole product (entry 7). It
is believed that methanol rapidly protonates species 4 preventing
its decomposition. The reaction of 2a with Me3SiCl and EDA/MeOH
proceeded well in 1,2-dimethoxyethane, the same solvent used for
the formation of starting 2a, hence isolation of the borate salt was
not necessary.

It is worthy of note that of the two organic substituents on bor-
on (Ph and CF3), only the phenyl group undergoes migration. This
phenomenon is in accord with the previously reported decrease
in the migratory aptitude of a fluorinated group from boron.12

Besides methyl boronic ester, other esters were subjected to tri-
fluoromethylation followed by the reaction with EDA (Table 2). Tri-
fluoromethylation of neopentyl glycol and pinacol esters was
noticeably slower, and the decreased yields of 5a were due to
incomplete conversion during the formation of salt 2. With cate-
chol ester, again the trifluoromethylation step was problematic,
affording a complex mixture. Reactions of the trifluoroborate salt,
PhBF3K, which upon treatment with Me3SiCl generated dif-
luorophenylborane,13 gave under various conditions less than
10% of the product. Methyl boronic esters proved to be superior
substrates, and they were used for further studies.

While methyl esters can be obtained from widely available
boronic acids, we encountered a practical problem at this point.
Since some methyl boronic esters are sensitive to chromatography
and even to moisture present in the air, they have to be prepared
on large scale and purified by distillation. Moreover, for some boro-
Table 2
Variation of the boronic ester
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a Determined by 1H NMR spectroscopy of the crude material.
b The trifluoroborate salt was used instead of salt 2.
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nic acids (e.g., 4-iodophenylboronic acid), Brown’s procedure with
methanol/hexane14 was found to be inapplicable. We proposed an-
other protocol for generation of the methyl esters. Thus, the ester-
ification of phenylboronic acid with trimethyl orthoformate was
effected in the presence of catalytic amounts of trifluoroacetic acid
(10 lL per 1 mmol of boronic acid). The esterification was com-
plete within 15 min, and subsequent evaporation of volatile mate-
rials under vacuum gave the pure boronic ester in quantitative
yield (Eq. 3). The methyl ester obtained was suitable for further
transformations, and this procedure was interchangeable with that
using presynthesized material.
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A variety of boronic esters 1 were employed in the coupling
reaction with EDA under optimized conditions. After the trifluo-
romethylation in 1,2-dimethoxyethane, simple addition of chloro-
trimethylsilane followed by methanol and EDA, and brief stirring at
room temperature gave product 5 (Table 3).
Table 3
Reactions of boronic esters 1
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1

iii: MeOH (1.1 equiv), EDA (1.1 e
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Entry Boronate
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a Isolated yield.
b The boronic ester was obtained from boronic acid using trimethyl orthoformate.
c Ethyl (2E)-3-phenylbut-2-enoate (5ii) was obtained as a by-product.
Substrates with the boron attached to sp3, sp2, or sp carbon
atoms reacted successfully with EDA. Importantly, alkyl boronates
gave good yields of products (entries 1–3). Of particular note is that
the reaction proceeded when using a boronic ester containing a ke-
tone group (entry 6), which suggests that nucleophilic trifluorom-
ethylation at boron proceeds faster.15 Vinyl boronates were also
coupled with EDA (entries 7 and 8), though in the case of boronate
1i, the desired product 5i was accompanied by a small amount of
by-product 5ii (entry 8, shown in parentheses). The latter sub-
stance may originate either during protonation of the intermediate
boron enol ether, or upon isomerization of the product on work-up.
Bromo-substituted boronate 1h also underwent the reaction point-
ing to the stability of the intermediate borate salt.

When 3-bromopropylboronic ester (1k) was subjected to stan-
dard conditions, a complex mixture was formed containing 9% of
MeO-substituted product 5k along with another species bearing
an unreacted CH2B fragment (Scheme 2). It seems likely that in this
case, formation of borate salt 2k was accompanied by intramolec-
ular displacement of the bromine by the methoxy group at a rate
comparable to the formation of 2k, leading to borane 3k.16 With
chlorinated derivative 1l the expected product 5l was produced
in 43% yield; this reflects the poorer leaving group ability of chlo-
rine compared to bromine.
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Table 4
Reaction of borate salt 2a with various diazocarbonyl compounds
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a Isolated yield unless mentioned otherwise.
b (1-Adamantyl)chloromethyl ketone (7aa) was formed as a by-product.
c Determined by 1H NMR spectroscopy.
d No methanol was added.
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Variation of the diazocarbonyl partner in reactions with borate
salt 2a is presented in Table 4. In reactions of diazoketones under
typical conditions, the formation of small amounts of a-chloroke-
tones occurred, which proved difficult to separate from the desired
products (entry 1). Apparently, this by-product is produced upon
protonation of diazoketones with methanol complexed with the
CF3-substituted borane followed by a chloride anion attack. The
formation of a-chloroketones can be avoided by using a silyl tri-
flate instead of chlorotrimethylsilane. Reaction with ethyl a-diazo-
propionate (6d) gave a complex mixture. However, a reasonable
yield of the product could be obtained by performing the reaction
without methanol (entry 6). This observation may signify that in
this particular case the intermediate boron enol ether is suffi-
ciently stable.

In summary, we have demonstrated that boranes possessing tri-
fluoromethyl, methoxy and various organic groups can be readily
generated starting from the methyl boronic esters and Me3SiCF3.
These boranes are stable only in donating solvents, and due to
the increased Lewis acidity of boron, react with a-diazocarbonyl
compounds under very mild conditions.17
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